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Investigation of a car following model in case of digital control

Automatic velocity control of vehicles is a key problem needed to be solved for developing independently operating cars. One part of this problem is the autonomous cruise control of a vehicle platoon traveling on a linear path. In this case it is important to assure that the cars travel together within given speed limits and keeping proper headways. The requirements of such control are the stable motion of each member of the platoon and the avoidance of traffic jams, that can be caused by overreacting to sudden deceleration of the leading vehicle. Therefore, designing the control for such systems has to fulfill two different stability requirements: plant and string stability. The control is supported by vehicle-to-vehicle communication. This way the measured velocity values of the cars and the measured headways are available for each member of the vehicle platoon. However, time is required for measurements and communication. This results in a time-delay system, therefore the destabilizing effects of time delay are needed to be taken into consideration. In this work I investigate a simple vehicle platoon model consisting of two cars - a leader and a follower. My aim is to design the control of the follower car fulfilling the requirements of plant and string stability as well. The measured velocity and headway values are processed by a sample-and-hold unit, hence I consider the case of applying a digital controller. The usual value of the sampling time used in the current short range communication devices is 100 msec. This sampling time determines the delay of the control loop. As it is shown in this study, this 100 msec value can be large enough to lead to instability in some cases. This problem arises mainly when the communication is disturbed, and the data packets sent by the cars do not reach their destination. This means, that in the course of the calculation of the control input, the controller has to use the same measurement data for two or more time steps, which implies an increase in the time delay. Therefore, I investigate the conditions for plant and string stability in the case of flawless communication and communication deteriorated by packet loss as well. I perform the analysis through construction of stability charts on the plane of the two control parameters. In addition, I determine the critical value of the sampling time as a function of the frequency of packet losses. Besides I also examine the frequency response of the controlled system.



